We investigated cholecystokinin (CCK) receptors on isolated gastric chief cells from guinea pig. CCK stimulated pepsinogen secretion from chief cells saturable and reversible at 37•Ž.
Cellular events related to amylase secretion from pancreatic acinar cells has been elucidated by the development of in vitro techniques (Gardner and Jensen, 1981) . However, little is known about pepsinogen secretion from gastric chief cells on a cellular basis, because of the lack of a suitable preparation of high purity gastric chief cells.
The secretion of in vitro secretagogueinduced pepsinogen from gastric glands is not in agreement with the in vivo actions of several secretagogues except for cholinergic stimulation (review by Hirschowitz, 1984) . In addition, it has been impossible in the experimental model of pepsinogen secretion using gastric glands to ascribe the specificity reported a novel method to isolate gastric chief cells of high purity from guinea pig stomach and investigated the action of various secretagogues such as cholecystokinin (CCK), carbamylcholine and secretin on pepsinogen secretion (Raufman et al., 1984) . They found two different intracellular mechanisms, one mediated by cellular calcium and another by cyclic AMP, to be involved in pepsinogen secretion from chief cells, as previously reported in amylase secretion from pancreatic acinar cells (Gardner and Jensen, 1981) . Recently, Sutliff et al. have demonstrated that gastric chief cells from guinea pig possess four classess of binding sites for vasoactive intestinal peptide (VIP) and secret in, and that the occupation of two of these classes of binding sites correlates with the ability of these peptides to increase cellular cyclic AMP and pepsinogen secretion (Sutliff et al., 1986) . However, the stimulus-secretion coupling sequence of CCK on pepsinogen secretion from chief cells is not well-defined yet.
In the present study Unless otherwise stated, the standard incubation solution contained 24.5 mM HEPES, pH 7.4, 100 mM NaCl, 6.2 mM KCl, 2.2 mM KH2PO4, 1.5 mM CaCl2, 0.9 mM MgCl2, 5 mM pyruvate, 6 mM fumarate, 5 mM glutamate 11.6 mM glucose, and 1 mg/ml BSA. All incubations were performed with 100 percent of O2 as a gas phase. Binding of CCK to dispersed chief cells.
125 I-CCK was prepared using natural porcine CCK by the method of Bolton and Hunter, as reported previously (Honda et al., 1987) . Specific activity of 125I-CCK was 1,000-5,000 Ci/mmol of CCK-8 equivalent, which was determined by autoinhibition studies using the specific antibody to CCK (OAL 656 of that at the maximal stimulation (Fig. 1) . Atropine, an antagonist of muscarinic receptor, completely inhibited pepsinogen secretion stimulated by carbachol, without altering the basal secretion (Table 1) . CCK-8 also stimulated pepsinogen secretion dose-dependently (Fig. 1) .
The stimulation of the secretion by CCK-8 was detectable at 100 pM, half-maximal at 0.32 nM, and maximal at 3 nM.
As with carbachol, supramaximal concentrations of CCK-8 caused submaximal stimulation of pepsinogen secretion. Bt2-cGMP, but not atropine, inhibited pepsinogen secretion stimulated by CCK-8 (Table 1) . LDH release from chief cells during the stimulation by the secretagogue was examined because previous studies have shown that carbachol and calcium ionophore A23187 at high concentrations increase LDH release from cell (Koelz et al., 1982 , Raufman et al., 1984 . Less than 1.5% of total cellular LDH activity was released from cells during the incubation with 1 mM carbachol or 100 nM CCK-8 when these secretagogues stimulated pepsinogen secretion by 10 to 11% of total pepsinogen activity.
To study stimulus-secretion coupling on pepsinogen secretion, the binding of CCK to chief cells was examined (Fig. 2) secretion stimulated by carbachol, without altering the basal secretion (Table 1) . CCK-8 also stimulated pepsinogen secretion dose-dependently (Fig. 1) .
To study stimulus-secretion coupling on pepsinogen secretion, the binding of CCK to chief cells was examined (Fig. 2) (Fig. 4, B) . In addition, the inhibitory effect of CCK-8 on binding of 125I-CCK to gastric glands was the same as that to chief cells (Fig.  5) . When the doseresponse curves of CCK-8 in stimulation of Vol.34 percentage of the maximal response, both dose-response curves were superimposed on each other in the range of concentrations from 30 pM to 3 nM (Fig. 6) . VIP failed to affect binding of 125I-CCK to chief cells (Table 2 ). Bt2-cGMP, which is an antagonist of the CCK receptor in pancreatic acinar cells (Peikin et al., 1979 , Jensen et al., 1980 , inhibited binding of CCK, but its inhibition was not complete even when up to 3 mM Bt2-cGMP was used (Table 2) .
Discussion
As Hirschowitz reported recently, disagreement between data from in vitro studies using gastric glands and from in vive studies have been known in secretagogue-induced pepsinogen secretion (Hirschowitz, 1984) . Since gastric glands contain a rather low population of chief cells and other cells such as parietal cells, single cell preparations of chief cells of high purity will be useful in solving these problems. In the present study, we prepared isolated chief cells from guinea pig stomach with a satisfactory high degree of purity and viability.
Carbachol, a muscarinic agonist which is the only case in which the abovementioned disagreement between in vive and in vitro results is not found, stimulated pepsinogen secretion from isolated chief cells. Both the efficacy and potency of carbachol in stimulating pepsinogen secretion was in good agreement with the results reported previously (Raufman et al., 1984) . Atropine completely inhibited carbacholinduced pepsinogen secretion, indicating that our chief cell preparation can exhibit a secretory response to the stimulation via a specific receptor.
CCK-8 also stimulated the secretion as previously reported (Raufman et al., 1984) . Carbachol and CCK-8 have previously reported to stimulate pepsinogen secretion from isolated gastric glands of rabbit and rat stomach (Hersey et al., 1983 , Kasbekar et al., 1983 , Raufman et al., 1983 . The concentrations of these secretagogues re quited for detectable and maximal stimulation of pepsinogen secretion in vitro are similar in these species and similar to the present results. These data show that the secretagogue-induced pepsinogen secretion in the present study is one of the most sensitive systems in vitro up to date. In addition, increasing concentrations of carbachol or CCK-8 increased, reached the maximum, and then decreased the response of pepsinogen secretion. This biphasic dose-response curve did not appear to be the result of damage to chief cells as determined by the release of LDH activity into the medium, as reported previously in isolated chief cells (Raufman et al., 1984) . In terms of CCK-8, however, the concentration required to stimulate pepsinogen secretion is still about 10 to 20 times as great as those (5-70 pM) in blood, measured by radioimmunoassays, in a physiological condition in man, dog and rat (Chang and Chey, 1983 , Himeno et al., 1983 , Fried et al., 1983 , Kaneko et al., 1986 
